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Article Info Abstract 


Volume 4, Issue 1, January 2022 Acute Coronary Syndrome (ACS) resulting from sudden rupture of arterial 
Received : 10 July 2021 plaques with exposure of highly thrombogenic fatty deposits in the coronary 
" y arteries is one of the most common causes of mortality worldwide, needs further 

Accepted : 17 December 2021 attention. In this case control study, a total of 138 patients with ACS and 134 non- 
Published: 05 January 2022 ACS controls were enrolled. The Red Blood Cell (RBC) count, hemoglobin, and 
7 hematocrit were significantly lower in patients. The White Blood Cell (WBC) 
iepr> Ne RE nen arene and platelet counts, and neutrophil to lymphocyte ratio were significantly higher 
in patients (11.76 +2.49 x 10° cells/ mL, 343.80 +113.76 x 10° cells/ L, and 3.88 + 

2.24, respectively), which strongly indicated inflammatory responses. The serum 

and RBC lysate reduced glutathione (GSH), antioxidant vitamins - C, D and 

alpha-tocopherol, total bilirubin, and Total Antioxidant Capacity (TAC) were 

significantly lower in ACS patients (3.78 £1.53 and 384.21 +184.86 umol/ L, 0.30 

+0.22 mg/ dL, 49.46 +47.11 ng/ mL, 2.66 £3.67 ug/ mL, 0.51 0.27 mg/ dL and 


533.61 + 232.47 umol/ L, respectively). Their serum GSH showed significant 
positive correlation with vitamin C and hemoglobin, and significant negative 
correlations were found between WBC count and serum GSH, and platelet count 
with TAC. Neutrophils and platelets play pivotal roles in mediating inflammatory 
responses, and significant reduction of antioxidants cause increased oxidative 
stress in patients with ACS, indicating that administration of antioxidant vitamins 
could reduce oxidative stress and inflammatory conditions. 
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1. Introduction 


Acute Coronary Syndrome(ACS) isthe single-most important contributor to the causes of deaths among the 
group of disorders of the heart and blood vessels that are associated with Cardiovascular Diseases (CVD) 
(Benjamin e& al., 2019). Like other Asian countries, Bangladesh has been experiencing an advanced 
epidemiologic transition from acute infectious and parasitic diseases to non-communicable diseases, which 
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is attributed to the significantly massiveincrease in deaths dueto CVD (Karar et al., 2009). Considering the 
increasing trend of heart disease related mortality, it isindispensable to further investigate novel risk factors 
for the pathogenesis of ACS and to look for potential management approaches to reducethe burden of ACSin 
this population. 


The most suggestive underlying cause of ACS ts atherosclerosis, a silent progressive plaque formation 
process inthe coronary arteries, initiated by chronic and acute overproduction of Reactive Oxygen Species 
(ROS) under the oxidative stress condition resulting in thrombus formation (M adamanchi et al., 2005; and 
Sanchis-Gomar e al., 2016). Thedegreeof arterial blockage caused by thethrombus determines the amount of 
myocardial damage and distinguishes thethree types of A CS: Unstable Angina (UA) or partial occlusion with 
no myocardial damage; Non-ST Elevation M yocardial Infarction (NSTEM1) due to partial occlusion with 
myocardial damage, and ST-Elevation M yocardial Infarction (STEM!) caused by complete occlusion with 
myocardial damage. 


Ithas been acknowledged previously that atherosclerosis also involves inflammatory mechanisms where 
leukocyte recruitment and expression of pro-inflammatory cytokines characterize the early atherogenesis 
process (Libby, 2012). In addition, a recent study indicated that nearly all the cellular components of the 
Complete Blood Count (CBC) areinvolved in the pathogenesis of atherosclerosis which inturn plays arolein 
theaetiology of CVD (Lassaleet al., 2018). 


Reduced glutathione (GSH ) acts as afirst line of defense against oxidative stress which is oxidized in the 
form of oxidized glutathione to regulate and maintain cellular redox status. Previous studies reported that 
lower plasma levels of GSH were associated with chronic illness including heart disease, arthritis, diabetes, 
and malignancies, suggesting that GSH has a protective effect against such diseases (Julius et al., 1994). Later, 
it has been shown that deficiency of GSH is closely associated with cardiac abnormalities and heart failure 
(Damy e& al., 2009), suggesting the possibility of blood GSH levds to bean important new biomarker to diagnose 
asymptomatic patients with CVD. 


Growing evidence suggests that antioxidant vitamins reducetherisk of CVD outcomes; and vitamin E (the 
preferentially absorbed form in humans is alpha-tocopherol), and vitamin C (also Known as ascorbic acid), 
both are involved in the non-enzymatic detoxification against ROS (Karajibani et al., 2010). A prospective 
epidemiological study demonstrates that with alpha-tocopherol intake, there is a reduction in subsequent 
nonfatal myocardial infarction (M1) in individuals with a previous history of MI (Tribble, 1999). Another study 
suggests that vitamin C deficiency is associated with a higher risk of mortality from A CS and it may slightly 
improve endothelial function and lipid profiles in some groups, especially those with low plasma ascorbic 
acid levels (Moser and Chun, 2016). 


Vitamin D, a fat-soluble prohormone, has anti-oxidative properties to inhibit iron-dependent lipid 
peroxidation in liposomes (\Viseman, 1993). Recent studies found association of vitamin D with CVD risk 
factors like hypertension, obesity, diabetes mellitus, and dyslipidemias (Wang ef al., 2016; and Jeong €& al., 
2017). Bilirubin is a byproduct of heme degradation which arises from the breakdown of RBC. It has been 
proposed that bilirubin, within thereferencerange, can be protectiveagainst atherosclerosis through antioxidant 
activity and suppression of low-density lipoprotein cholesterol oxidation (N euzil and Stocker, 1994; and Lin 
et al., 2010). The Total Antioxidant Capacity (TA C) is used to evaluatethe antioxidant status of tissueor body 
fluids, which is measured by the Ferric Reducing A bility of Plasma(FRAP). 


Given the utility of the components of CBC and, the anti-oxidative properties of GSH, bilirubin as well as 
antioxidant vitamins and ther protectiverolein reducing therisk of cardiovascular events, itis worthwhileto 
investigate whether thelevels and correlations of these parameters can be adopted for effectiveintervention 
therapy to prevent adverse outcomes in A CS patients. 


2. Materials and methods 


2.1. Ethical clearance 


Thestudy was performed in accordance with theH ed sinki declaration and approved by the local Institutional 
Ethical Review Committee. Informed consent was obtained from all the participants beforetheir enrolment. 
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2.2. Study subjects 


A total of 272 participants comprising of 138 patients suffering from A CS admitted in the coronary careunit 
and progressivecoronary careunit of atertiary care hospital were enrolled. Thediagnosis of ACS was made 
by expert physicians according to clinical criteria of characteristic electrocardiogram, and troponin changes. 
Exclusion criteria included diabetes, renal failure, malignancy, or other chronic diseases. A total of 134healthy 
subjects from four different locations of the local community were enrolled as the control group who did not 
haveany prior history of CVD, diabetes mellitus, or any other inflammatory disorders. Simple random and 
availability sampling was applied to collect samples. 


2.3. Data and blood samplecollection 


Thedemographic and anthropometric data of the studied subjects including age, gender, body weight, height, 
resting blood pressure, pulserate, breathlessness, previous hypertension, smoking status, and family history 
of CVD was recorded in apreformed questionnaireform. A bout 10 mL of peripheral venous blood was drawn 
from each subject, 5 mL taken in purplecapped tube containing Ethylenediamine T etraacetic Acid (EDTA) for 
plasma collection, and the rest in a glass tube for serum collection. Serum and plasma were separated and 
stored in small aliquots at -20°C until analyzed. 


2.4. Complete blood count measurement 


Thecomponents of the CBC including Red Blood Cells (RBC), total White Blood Cells (WBC), and platelets 
werecounted following appropriatedilutions of the blood using an improved N eubauer hemocytometer; the 
differential WBC counts weredoneby staining asmear of blood with Giemsa’s stain and counting at least 200 
callsunder the high power optics of an Olympus microscope; henoglobin was determined by the potassium 
ferricyanidereagent (Randox Laboratories Ltd., United Kingdom); hematocrit and mean corpuscular volume 
(MCV) werealso determined. The neutrophil to lymphocyteratio (NLR) was calculated from thedifferential 
WBC data. 


2.5. Preparation of RBC lysate 


An aliquot of 200 UL of fresh blood was taken, the cells were washed with an excess of normal salineand the 
pellet was resuspended by 800 UL of ice cold nanopure water. The lysed cells were centrifuged and the 
Supernatant was collected and used immediately. 


2.6. Assay of reduced glutathione 


Theserum and red cell lysate GSH levels were measured using 5-5'-di-thiobis [2-nitrobenzoic acid] (DTNB) 
with aslight modification of the method described by Ellman (1959). 


2.7. Assay of ascorbic acid 


Serum ascorbic acid levels were measured using di-nitro phenyl hydrazine, according to themethod of Lowry 
et al. (1945). 


2.8. Assay of vitamin D and alpha-tocopherol 


Thelevels of vitamin D and alpha-tocopherol in the plasma samples weredetermined according to themethod 
of Brabcova ad al. (2013), usingaC18High PerformanceLiquid Chromatography (H PLC) column by measuring 
the absorbanceat 265 nm and 295 nm, respectively. 


2.9. Assay of thetotal antioxidant capacity 


TheTAC was measured by the FRAP assay (Rubio & al., 2016). Theferricion (Fe**) when comes in contact with 
an antioxidant at an acidic pH, is reduced to aferrous ion (Fe**) which can form abluecolored complex with 
2,4,6-tripyridyl-S-triazine. The FRAP values wereobtained by comparing the absorbance change at 593 nmin 
test reaction mixtures. 
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2.10. Assay of bilirubin 


Serum bilirubin level was determined quantitatively using a total bilirubin assay Kit (Randox Laboratories 
Ltd., UK). Albumin bound bilirubin was released by adetergent and then reacted with 2,4-dichloroanilineto 
form acolored product whose absorbance was measured at 546 nm. 


2.11. Statistical analysis 


Data analyses were carried out using the Statistical Package for Social Sciences (SPSS Inc., version 19.0 for 
Windows, USA). The t-test was used to compare the continuous variables, chi-squared test was used to 
comparecategorical variables, and Soearman corrdation was used to analyzecorrdiations of different variables. 
For each parameter, themean +SD values werecomputed. The results wereconsidered significant when the 
value of p was <0.05. 


3. Results 


3.1. Demographic and baseline characteristics 


A total of 272 subjects, aged 30-70 years, wereenrolled inthis study of whom women represented less than 6% 
of the total studied patient and control groups; ther data werecomputed with themen. Among the patients, 99 
(71.7%) had STEMI, 35 (25.4%) had NSTEMI and 04 (2.9%) had UA. The demographic and baseline 
characteristics of studied subjects are summarized in Table 1. Themean age of the patients was 50.91 +9. 70 
years and that of the control group was 48.10 +9.54 years. TheA CS patients had mean cardiac troponin values 
of 18.60 23.96 ng/ mL, ranging from 0.03 to 100 ng/ mL. Significant differences in the proportion of current 
smokers, hypertension, breathlessness, and family history of CVD were observed between theA CS patients 
and control groups, while non-significant variations in the body mass index and pulse rate were observed 
between the study groups. 


Table 1: Demographic and baseline characteristics of control subjects and ACS patients 


Variables Control subjects (N = 134) ACS patients (N=138) p-value** 


a 


Note:n (%) =Percentage of the subjects; p-values were derived from: * t-test, * Chi-square test; and ACS =Acute Coronary 
Syndrome. 





3.2. Evaluation of complete blood count 


Upon comparison of the CBC between theA CS patients and control subjects, significantly lower RBC count, 
hematocrit, and hemoglobin were found in patients whilsttheM CV did notvary significantly (Table 2). The 
total WBC count was significantly higher in ACS patients. The mean neutrophil count in patients, 72.16 + 
9.28%, was significantly higher than that of the control subjects, and 58% of the patients had morethan 70% 
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neutrophils. The patients had significantly higher NLR than the control group (Table 2). The platelet count 
wasalso significantly higher in A CS patients and platelet aggregation was observed under the microscopein 
every patient sample. 


Table 2: Comparison of complete blood count of the control subjects and ACS patients 


Variables Control subjects (N = 134) ACS patients (N = 138) p-value* 


Note:RBC = Red Blood Cells; WBC = White Blood Cells; * = p-value derived from t-test; and ACS = Acute Coronary 
Syndrome. 





3.3. GSH levels in serum and red cell lysate 


Theleves of reduced GSH in both serum and red cell lysateof ACS patients weresignificantly lower compared 
to the controls (Table 3). Among the three ischemic subsets, significantly lower values than controls were 
found in patients with STEMI and NSTEMI in both serum (3.77 £1.44 and 3.97 +1.61Lumol/ L, respectively) 
and red cell lysate (400.45 +158.95 and 345.19 +257.34umol/ L, respectively) (Figure 1). In patients with UA, 
reduced GSH levels displayed larger depletion in serum (2.99 +2.17 umol/ L) compared to red cell lysate 
(349.67 +39.74 umol/ L). 


Table 3: Status of antioxidant defense systems in controls and ACS patients 


M easurements Control subjects (N) ACS patients (N) p-value* 


Ascorbic acid (mg/ dL) 0.59 + 0.24 (100) 0.30 + 0.22 (100) < 0.001 
Alpha-tocopherol (ug/ mL) 8.05 + 7.09 (40) 2.66 + 3.67 (40) < 0.001 
Vitamin D (ng/ mL) 75.85 + 41.42 (40) 49.46 + 47.11 (40) 0.010 


Note:N = Number of subjects. GSH = Reduced glutathione; TAC = Total Antioxidant Capacity; and * t-test. 
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Figure 1: Comparison of the levels of (a) serum GSH, and (b) red cell lysate GSH among various ischemic 
subgroups of ACS patients and controls. Patients with ST-Elevation M yocardial Infarction (STEMI), Non-ST 
Elevation M yocardial Infarction (NSTEM1) and Unstable Angina (UA) had significantly lower GSH (reduced 
glutathione) in serum and red cell lysate than the respective controls; * p < 0.05, #p < 0.01 and ** p < 0.001. 





3.4, Evaluation of total antioxidant capacity 


Itwas found that the TAC of theA CS patients varied from 136.0 to 1228.8 umol/ L compared against 645.1 to 
1707.2 umol/ L in the control subjects, and the mean TAC was significantly lower in the ACS patient group 
(Table 3). 


3.5. Levels of ascorbic acid, alpha-tocopherol, and vitamin D 


[twas noted that theA CS patients had significantly lower serum ascorbic acid levels than the control subjects 
(0.30 £0.22 and 0.59 +0.24mg/ dL, respectively) (Table 3). Further analysis of the data revealed that the mean 
ascorbic acid levds weresignificantly lower in patients with STEMI (0.28 +0.21 mg/ dL), NSTEMI (0.38 £0.25 
mg/ dL), and UA (0.12 +0.02 mg/ dL) compared to thecontrols (Figure2). The plasma alpha-tocopherol levels 
in ACS patients showed significantly lower values compared to thecontrols, and vitamin D levels werealso 
found to be significantly lower in the patients than in controls (Table 3). 


Serum Ascorbic acid level (mg/dL) 


STEMI NSTEMI Control 


Figure 2: Comparison of the levels of serum ascorbic acid in various ischemic subgroups of ACS patients and 
controls. The results showed that all three subgroups of patients [with ST-Elevation Myocardial Infarction 
(STEMI), Non-ST Elevation Myocardial Infarction (NSTEMI) and Unstable Angina (UA)] had significantly 
lower values than controls; and ** p < 0.001. 
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3.6. Comparison of bilirubin levels 


Themean serum total bilirubin level inA CS patients, 0.51 +£0.27 mg/ dL, was found to be significantly lower 
than inthe controls, 0.66 £0.20 mg/ dL (Table 3). 


3.7. Correlation of antioxidants and complete blood count 


InACS patients, asignificant positive correlation was found between septum GSH and ascorbic acid leveas(r = 
0.39, p =0.002) (Figure 3a). Thetotal WBC counts exhibited a significant positivecorrelation with red cal GSH 

(r =0.41, p <0.05), and astrong negative correlation with serum GSH (r =- 0.41, p =0.01) (Figure 3b) as well as 
with serum ascorbic acid (r =-0.33, p <0.05). The RBC count of the patients showed a strong significant 
positive correlation with TAC (r = 0.40, p = 0.01) (Figure 3c) while the platelet count showed a negative 
corelation with the TAC (r = -0.32, p =0.05) (Figure 3d), and a strong significant association was noted 

between the hemoglobin and serum GSH levels (r =0.54, p <0.001). 
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Figure 3: Significant correlations between the levels of (a) Ascorbic acid and serum GSH; (b) Total WBC count 
and serum GSH; (c) RBC count and total antioxidant capacity; and (d) Platelet count and total antioxidant 
capacity in patients with acute coronary syndrome [Spearman correlations]. 
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4. Discussion 


This study demonstrated that the components of the CBC are associated with the development of ACS; and 
identified that reduced leves of the antioxidativedefensive systems are directly or indirectly associated with 
ACS. Asreported by other workers (Messner and Bernhard, 2014; and Messerli et al., 2017), the present study 
found smoking and previous history of hypertension to besignificantly higher in patients with ACS who were 
screened to excludethose suffering from diabetes mellitus, and any other chronic inflammatory disorder to 
avoid false-positive results. In contrast to a recent investigation (Ferdausi ef al., 2020), this study found a 
Significant association between breathlessness and family history of CVD inthedevedopment of ACS. Howeve, 
the patients enrolled in this study werealready hospitalized and being treated with antihypertensive drugs; 
thus, the observed blood pressure and pulserate might not bethe same as thetime of MI attack. 


In this study, the RBC count, hemoglobin and hematocrit values were found to besignificantly lower in 
ACS patients compared to the control subjects. On theother hand, no significant difference was observed in 
theM CV of thestudied groups. A low level of hemoglobin, hematocrit, and RBC count clinically indicates 
anemia (T efferi et al., 2005), and findings of this study suggest that the prevalence of anemia was significantly 
higher in the patients. It has been shown that chronic anemia has adverse effects on myocardial and large 
arterial remodeling and anemia has been marked as a risk factor for CVD (Sarnak e al., 2002). 


This study found associations of higher leukocyte count and ACS, and increased neutrophils was attributed 
tothehigher count of total WBC among A CS patients, as observed previously (Rana ¢€ al., 2007; and Choudhury 
et al., 2019). Thedifferential WBC counts further revealed significant associ ations of decreased eosinophil and 
lymphocyte counts with ACS, which was consistent with thefindings of a recent cohort study showing lower 
counts of thesecallsin the general population wereassociated with theincreased short-term incidence of heart 
failure and coronary death (Shah e al., 2016). Another important finding of this study was a significantly 
higher neutrophil to lymphocyte ratio in ACS patients compared to the controls, which was consistent with 
previous findings (Choudhury e& al., 2019). 


A nove finding of the present study Is significantly increased platelet counts and their aggregation inACS 
patients, which has been reported in a few population-based studies that reported a significantly higher 
coronary heart disease mortality among subjects with the highest platelet counts (Thaulow et al., 1991; and 
| assale e& al., 2018). Itis well recognized that excessive activation and aggregation of platelets play akey role 
in thrombotic vascular occlusion at the ruptured coronary atherosclerotic plaque, leading to acuteischemic 
episodes, the ACS (Lange and Hillis, 2004; and Falk e& al., 2013). This study observed multiple lumps of 
aggregated platelets in wholeblood on microscopic analysis intheA CS samples, confirming the high levels of 
platelet aggregation in ACSpathophysiology. 


The status of antioxidant vitamins and GSH in ACS patients as well as in various subtypes of ACS has 
been explored inthis study. lt was found that decreased serum levels of GSH and ascorbic acid wereassociated 
with increased risk of ACS, and patients with STEMI, NSTEMI and UA werefound to havesignificantly lower 
GSH and ascorbic acid leveds compared to the controls. This study found asignificantly lower levd of alpha- 
tocopherol in ACS patients, suggesting that high alpha-tocopherol intake could inhibit the pathogenesis of 
ACS. Several studies also found amoderate reduction in therisk of coronary disease by increasing theintake 
of alpha-tocopherol as a supplement (Karajibani et al., 2010; and Myung & al., 2013). In the present study, a 
significantly decreased level of plasma vitamin D was found in ACS patients, indicating its deficiency might 
bea potent risk factor for ACS, as observed previously (A |jefreeet al., 2016). 


Serum bilirubin has a protective effect against CVD (Lin & al., 2010), and acts as an endogenous regulator 
of inflammation by disrupting adhesion molecule-mediated leukocyte migration (Voge! and Zucker, 2016). In 
this study, ACS patients had a significantly lower level of serum bilirubin compared to the controls, which 
was consistent with theobservation of arecent study by Xu et al. (2019), indicating its protective role against 
ACS. Themajor findings of this study includedepletion of GSH inserum and RBC along with areduced TAC 
in ACS patients, which suggest a cdlular oxidative stress condition. The present study found serum levels of 
GSH to bepositively associated with ascorbic acid, and negatively correlated with leukocyte count suggesting 
a synergistic role of these antioxidants in controlling cellular oxidative stress. 


Further, this study found a significant positive correlation between RBC countand TAC. Theunderlying 
mechanisms include oxidative stress leading to an imbalance of free radicals and antioxidants that impairs 
membrane fluidity and reduction of thelifespan of RBC, implying antioxidants may improveRBC survival in 
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the body (MM ozos, 2015). Besides, the present study found a negative correlation between platelet count and 
TAC, whileserum GSH was directly associated with hemoglobin levels in ACS patients. These associations 
may beattributed to thefact that reduced GSH play important roles in protecting blood platelets and hemoglobin 
from oxidative damage. 


4.1. Limitations of the study 


This study has several limitations. First, it isasmall-scale study which may not reflect thefull picture obtained 
for acomplete population. Second, the patients are about three years older than the control subjects, whichis 
dueto thedifficultiesin finding age-matched controls with thestringent inclusion criteria of the study. Thirdly, 
to acertain extent, theresults may beaffected by theinfluence of lifestyle, food habit, and medical treatment 
facilities of the studied subjects. Finally, dueto a shortage of samplevolumes all assays couldn't be performed 
on some samples. 


5. Conclusion 


Thisstudy found A CSto bestrongly associated with elevated WBC, platelet and neutrophil counts aswell as 
NLR. Besides, other components of the CBC namely RBC count, hematocrit, and hemoglobin have been found 
to beassociated with ACS. These parameters areinexpensive, easy to interpret, and widely availabletools for 
the management and prognosis of ACS in patients. Furthermore, the present study indicated that ACS is 
associated with lower levels of antioxidant vitamins, reduced GSH, bilirubin, and impaired TAC. The 
antioxidant vitamins C, D and alpha-tocopherol strengthen the antioxidant defense system against oxidative 
damage, and therefore, dietary supplementation of thesevitamins might act as a primary preventiveintervention 
for developing atherosclerosis, the core mechanism responsiblefor the CVD. Monitoring the CBC with the 
status of antioxidant vitamins, GSH , and TAC canimproveour ability to predict ACSrisks. 
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